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Abstract
Pyroxene granulites, from Visakhapatnam area in the Eestern Ghats granulite belt of India,
exposed a~ bands and lenses following the foliation of garnet-biotite gneisses mainly consist of
plagioclase and ortho- and clino-pyroxenes. The chemical characteristics reveal igneous precursors
of pyroxene granulites and show more affinity to the Sri Lankan and Antarctic basic granulites.
The abundance ranges of various elements observed in PFoxene granulites are within the analogous
ranges of the Island Arc tholeiites.
The magmatic and tectonic relationship between granulite and greenstone belts in South
India leads to the interpretation that both of them are evolved under identical environments due to
initial rifting of crust and further developed into greenstone belts in ensialic basins and granulites
in a sag basin. The Eastern Ghats characterized by subduction type magmatism indicates that
it has occurred along a continental margin.
INTRODUCTION
The Archaean provinces of South India comprise high grade granulite and low
grade granite-greenstone terrains (3500-2500 Ma) corresponding to ancient shields. The
high grade granulite terrain formed a part of Gondwanaland during Precambrian times
and its truncated extensions are traced in Africa, Madagascar, Sri Lanka and Antarctica.
Major fold style in the granulite terrain is isoclinal with steeply dipping axial planes hav-
ing NNE-SSW trend in contrast to the NNW-SSE trend exhibited by granite-greenstone
belts.
Pyroxene granulites are reported in all Precambrian high grade terrains, but little is
known about the chemical characteristics of these rocks and their precursors. In the
limited studies published on this problem both igneous (HOWIE, 1955; CHAKRABORTY
and SEN, 1983; Krishna RAO, 1992; RAo and RAO, 1992) and sedimentary origins (GHOSH,
1941; MUTI-IUSWAMI, 1953; DEVARAJU and SADASIVAIAH, 1976; PRASAD et aI, 1992;) were
reported from the Eastern Ghats granulite belt, India. RAo and RAO (1992) have describ-
ed the pyroxene granulites from Visakhapatnam and presented the major and REE data
in inferring the tectonic environment and nature of magma. However, the present in-
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vestigation supplements in establishing the present investigation supplements in establish-
ing the origin of pyroxene granulites based on major and trace element geochemistry
using discriminant functions.
GEOLOGY OF THE AREA AND PETROGRAPY OF
PYROXENE GRANULITES
The Visakhapatnam region in the Eastern Ghats of India IS represented by granulite
grade rocks: garnet-sillimanite gneisses (khondalites) and garnet-biotite gneisses (lep-
tynites) and reveals mainly three generations of folds. Correlating the structures pre-
sent in the Visakhapatnam area with those found in the northern part of the Eastern Ghats
belt near Angul (HALDEN et al, 1982), it is suggested that the regional structure in the
Visakhapatnam area consists of a second generation antiform refolded by a later aniform
around Maduravada in the northern part (Fig. 1). This interference has caused swerv-
ing of NE foliation into E-W trend at Visakhapatnam. The khondalites represent the
major hill ranges, while the leptynites occur as low lying mounds and occupy the axial and
crestal parts of antiforms (SRIRAMADAS and RAG, 1979). The gradational contacts of lep-
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tynites and khondalites are more prominent towards the flanks of antiforms and indicate
the facies variations in the khondalite suite of rocks. The structural setup points out that
the leptynites are the basal members of the khondalites (RAO and RAO, 1987).
Pyroxene granulites invariably containing ortho- and clino-pyroxenes are exposed as
narrow bands and lenses following the foliation of garnet-biotite gneisses throughout the
Visakhapatnam area. The sharp contacts along pyroxene granulites are discernible at
places. The charnockites represented by tonalitic and granodioritic varieties are of
restricted occurrence and commonly associated with garnet-biotite gneisses along the cen-
tral part of the axial region of artiforms, presumably inidcating the basal nature of char-
nockite suite of rocks overlain by khondalite suite (NARAYANASWAMI, 1975).
The basic granulites are dark and hard and the major petrographic types are pyroxene
granulites, hornblende-pryoxene granulites and garnet-biotite-pyroxene granulites. The
latter two varieties are much less abundant. The pyroxene granulites are equigranular,
medium-grained and granulitic in texture. The essential minerals present are ortho-
pyroxene, clino-pyroxene and plagioclase. Opaques are present in accessory amounts.
The chemical data of pyroxenes (RAO, 1991) from Visakhapatnam pyroxene granulites
indicate that the ortho-pyroxenes are hypersthene in composition "and clino-pyroxenes
correspond to salites/augites and these are equilibrated at 750°C. Peripheral granulation of
pyroxenes are occasionally noticed. The plagioclases are mostly twinned and ranges from
Anso to An7s. The garnet is almandine-rich with appreciable amounts of pyrope and
grossularite and corona textures along plagioclase-pyroxene interfaces are remarkable.
Only locally the pyroxenes are replaced by hornblende (hastingsite in composition) and
Mg-biotites.
GEOCHEMICAL DATA
The close association and concordant nature of pyroxene granulites with leptynites
in khondalite suite of metasediments casts doubt about the original sedimentary or igneous
parentage. The distribution of major and trace elements are considered in arriving at the
origin and presented under separate heads.
Major Element Data
The chemical analysis of 25 pyroxene granulites together with the C.I.P.W. norms
and Niggli values c, mg are listed in Table 1 and diagramatic representations are shown
in Figures 2-5.
In the Leake's mg-c diagram (Fig. 2) the pyroxene granulites are plotted near the
trend line of the karoo dolerites which is indicative of the igneous origin. It is also in-
dicated from the diagram that the analyzed pyroxene granulites are within the field of Con-
nemara amphibolites of igneous origin given by LEAKE (1964).
Similarly plots of the Niggli ti vs. mg values for the analyzed pyroxene granulites
closely follow the Karoo dolerite trend (Fig. 3).
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Table 1 Chemical analysis and C.I.P.W. norm of pyroxene granulites
2 4 6 7 8 9 10 11 12
SiO, 49.849 49.854 48.048 49.376 46.982 49.205 50.515 50.057 50.872 50.362 50.359 50.345
AI,03 18.215 17.876 17.902 17.135 19.369 19.883 15.318 18.164 12.953 18.209 18.126 18.137
Fe,O, 1.663 1.738 2.217 1.276 1.885 2.039 1.529 1.445 6.305 1.278 1.109 1.l23
FeO 6.478 8.864 8.238 9.547 6.408 10.776 8.936 8.043 10.902 9.605 10.637 10.649
MgO 6.957 5.387 8.163 8.163 11.626 3.797 7.523 5.186 3.340 4.507 4.009 4.022
CaO 13.686 10.809 \0.425 10.079 9.377 11.228 JI.254 11.839 8.893 12.432 11.375 11.376
Na,O 2.173 2.732 2.116 1.818 2.030 1.474 2.678 2.576 0.890 1.601 1.583 1.591
)(,0 0.212 0.618 0.504 0.843 0.241 0.392 0.827 0.474 0.572 0.229 0.426 0.428
TiO, 0.360 1.449 1.069 1.082 1.553 0.218 1.124 1.159 2.838 1.187 1.319 1.314
PzU s 0.133 0.176 0.012 0.J20 trace 0.112 0.193 0.300 1.534 0.123 0204 0.213
MnO 0.076 0.123 0.159 0.215 0.122 0.068 0.147 0.100 0.279 '0.028 0.077 0.089
1-1,0+ 0.358 0.472 0.203 0.465 0.508 0.748 0.321 0.568 0.273 0.427 0.617 0.613
H,O- 0.106 0.045 0.091 0.113 0.079 0.106 0.165 0.042
CI 0.\00 0.110 0.120 0.130
P 0.\00 0.100 0.110
Total 100.366100.193 99.147100.732 100.\80 100.040 100.471 99.976 99.693 100.198 lOO.061 100.140
C.I.P.W. Norm
Q 3.442 19.855 4.588 5.209 5.101
Or 1.240 3.670 2.958 4.971 1.418 2.307 4.909 2.780 3.369 1.362 2.541 2.541
Ab 18.340 23.072 17.916 15.385 17.156 12.424 22.652 21.80'f 7.519 13.524 13.351 13.435
An 39.309 34.655 37.802 36.068 42.782 46.437 27.283 36.265 29.621 41.775 41.058 41.041
Di 23.270 14.979 11.572 11.067 2.989 7.235 22.904 17.317 4.613 16.047 11.860 11.864
j-Iy 10.247 14.665 15.244 22.811 14.188 23.731 8.692 15.094 15.415 17.885 20.657 20.726
01 4.122 2.971 8.087 5.20'1 15.188 8.850 0.034
Mt 2.408 2.522 3.218 1.856 2.726 2.958 2.218 2.088 9.134 1.856 1.610 1.624
1I 0.684 2.754 2.032 2.052 2.944 0.418 2.128 2.20+ 5.396 2.260 2.508 2.488
Ap 0.309 0.427 0.023 0.286 0.259 0.450 0.709 3.619 0.282 0.474 0.497
F 0.400 0.400 0.400
Niggli values
32.699 27.542 24.826 24.256 20.999 28.875 27.275 30381 25.556. 32.110 30.181 30.107
mg 0.606 0.478 0.585 0.573 0.718 0.350 0.564 0.497 0.257 0.429 0.381 0.381
The Kohler and Raaz values for pyroxene granulites are plotted in the diagram (Fig.
4) of Kohler and Raaz (in SCHARBERT, 1964). The pyroxene granulites in general fall
in ortho- to intermediate field, supporting the original igneous parentage and subsequent
metamorphic convergence.
Geostatistical methods applied to distinguish para- and ortho-amphibolites by
GOKHALE and GonIE (1978) are considered effective. The major oxides, Si02 , F~03
and FeO data of pyroxene granulites when extrapolated (Fig. 5) indicates the ortho-nature.
The major element data when referred to Si02, Ti02 and FeO* Vs. FeO*jMgO
diagrams of MIYASHIRO (1975) indicate the tholeiite nature for the igneous precursor
of Visakhapatnam pyroxene granulites. Similarly in AFM projections (CHAKRABORTY
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SiO,
AI,O,
Fe,O,
FeO
MgO
CliO
Na,O
K,O
TiO,
P,OS
MnO
H,O+
H,O-
CT
P
13
47.518
14.545
4.987
8.603
8.035
12.398
1.627
0.766
1.479
0.138
0.214
0.849
0.085
14
47.665
14.163
1.686
13.918
7.076
11.857
J.563
0.228
1.487
0.324
0.215
0.310
0.052
15
49.609
16.803
1.009
8.546
6.873
12.021
1.853
0.582
0.792
0.139
0.128
1.561
0,110
0,110
16
47.138
23.749
1.227
8.326
4.887
11.603
1.281
0.012
0.641
0.053
0.158
0.949
17
47.265
17.419
2.278
11.986
7.089
9.018
2.739
0.372
0.841
0.223
0.120
0.495
0.173
18
47.509
15.828
4.068
7.754
7.583
10.132
2.946
0.919
1.692
0.203
0.177
0.428
0.089
19
47.547
17.261
1.293
11.896
6.428
11.397
1.769
0.309
1.303
0.204
0.079
0.337
20
47.268
19.246
0.987
J1.069
(',523
<),245
2,176
0.403
1.301
0.187
0.102
0,436
0.115
21
46.268
14.782
5.489
8.277
6.476
15.354
1.289
0.276
0.428
0.221
0.273
0.253
0.107
22
46.545
14.828
1.857
8.452
12.249
10.828
2.352
0.685
1.523
0.216
0.351
0.422
0.131
23
46.645
17.567
2.799
12.773
6.966
8228
2.046
0.487
0.864
0.451
0.398
0.423
0.132
24
46.655
13.546
4.077
13.169
6.302
10,923
2.604
0.50 I
1.958
0,31 I
0.205
0.342
0.102
25
45.012
13.758
4.909
8.603
7.927
J2,536
2.153
0.887
J .876
0,159
0,235
0,308
0.103
Total 101.244 100.534 100.135 100.024 100,OJ8 99.328 100,063 100.058 99.493 100.446 99.779 JOO.695 98.466
c.l.P.W. Norms.
()
Or
Ab
An
Di
Ill'
01
Mt
II
Ap
F
4.554
13.776
30.043
25.609
13.792
2.184
7.236
2.812
0.333
1.362
13.184
30.916
21.767
21.513
5.460
2.450
2.832
0.756
3.430
15.636
35.779
19.247
20.062
0.925
1,464
1.500
0.333
0.400
0.061
10815
57.293
25.722
1.784
1.216
0.1'18
2.191
23.156
34.097
7.833
9.718
16.975
3,306
1,596
0.521
5.443
24.932
27.197
18.287
1.495
11.909
5,902
3.210
0.574
1.835
14.960
38.189
14,375
18.886
6.468
1.870
2.470
0.474
2.363
18.424
41.508
2.707
20,976
8.121
2,886
2,470
0,450
1.657
10.904
33.669
34.416
8,777
0,488
7,902
0.816
0.521
4.020
16.249
27.828
20.564
23.167
2,696
2.888
0.521
2.897
17.323
37.246
0,804
25.322
8.965
4,060
1,634
1.065
2.958
21.971
23.794
23.865
5.001
12.338
5916
3,724
0.732
5,265
14.992
25.228
30.110
9.702
7.120
3.572
0.380
Niggli values
28.244 27.407 29.798 28,918 21.364 24.313 27.218 22.413 34.622 23.137 19.602 25.347 28.516
mg 0.521 0.449 0,563 0.478 0.474 0,541 0.468 0.475 0.454 0.678 0,444 0.399 0.518
'" All radicals are determined by wet Chemical methods except K 20 and Na20 determined by
kipp and Zonen Flame Photometer and MnO, Ti02 and P20 S determined by Leitz Colori-
meter.
1,2,3, and 25-Pyroxene granulites from Meteorological observatory, Waltair. 4 and 5-Horn-
blende-pyroxene granulites from Maddilapalem, 7-Pyroxene granulites from Pedda vValtair
(around Rani Chandramathi Hospital). 6,8 and 16-Hornblende-pyroxene granulites from
Madhavadhara, 9,10,11 and 12-Pyroxene granulites from Pedda Waltair (around P.V.G.
Raju's Bungalow). 13 and 14-Pyroxene granulites around Governor's Bungalow. 15, 17 and
18-Garnet-hornblende-pyroxene granulites from Madhuravada. 19-Pyroxf'ne granulites
around T.B. Hospital. 20 and 21-Pyroxene granulites near Sil'ipuram Junction. 22 and 23-
Garnet-hornblende-pyroxene granulites from Gajuwaka. 24-Hornblend-pyroxene granulites
from Gopalapatnam Junction.
and SEN, 1983) when the data is extrapolated the pyroxene granulites correspond to tho-
leiitic group and show more affinity to the field of Antarctic basic granulites (YOSHIDA,
1978).
140 A.T. RAO, J.U. RAO and Masaru YOSHIDA
Early
Differentiates
DOlom~
Pelite- Dolomite
mixtures
Trend line of
Karoo Dolerites
x
Area. of Connemara
stripped Amphiboli-
~
/
I
0'----'-------><.----'-----'------'------'-----'----'---'----'
o 01 0.2 0·3 0·4 0·5 0·6 0·7 0·8 0·9 1·0
NIGGLI mg
~ 1 • • \" I
X-PYROXENE GRANULITES Limestone
60 t r·
50 "'. Petite-Limestone mixtures
10
40
Fig. 2 Niggli mg versus niggli c for the basic pyroxene granulites (after LEAKE, 1964)
8r------------------------....,
X-PYROXENE GRANULITES
6
ti 4
2
Trend line of Karoo Dolerites
080·60·5
mg
0·40·3
OL-----.L ...L- --L -L- --.l --=:::.l
0·2
Fig. 3 Plot of niggli ti against niggli mg for the analysed basic rocks
x- PYROXENE GRNULITES
Geochemistry and Tectonic Evolution of the Pyroxene Granulites
.F_fm
ORTHOGESTEINE
141
--------
• Q z~-_;_r_'''---..L-----''-'''"'-<-=---....L....:::::....''''''''_+_v:::__---'-----'-----'---_::'_:_-_7 - Q.z
/ ·80 .60 ·40 "" -20 -40 -60 -80
PARAGESTEINE """
,
" ,
-80
Fig. 4 Ktlhler and Raaz diagram (After SCHARBF.RT, 1964).
PYROXENE GRANULITES
-
30
F~L-.---;:=====:t;-----=----~===_...L-!:----~Si02
100 ~:-:-=-;-,Si02 100%FeD 0%
Fe203 0%
Fig. 5 Triangular variation diagram to demarcate para- and ortho-amphibolites (After
GOKHALE and GOT HE, 1987).
142 A.T. RAO, J.U. RAO and Masaru YOSHIDA
Trace Element Data
The trace element data of Rb, Li, Sr, Ba, Cr, Sc, Co, Ni, Zn, Cu, V, Ga, Zr, Th, U,
Ta and Hf in the pyroxene granulites of the present study is listed in Table 2.
The overall ranges of trace elemental concentrations in pyroxene granulites compare
well with the pyroxene granulites from Sri Lanka (JAYAWARDENA and CARLSWELL, 1976;
PORL and EMMERMANN, 1991) suggesting igneous origin. In the hornblendefgranet-bio-
tite pyroxene granulites the values are different, especially Rb and Ba due to the metaso-
matic affects caused by granitic injections, derived from garnet-biotite gneisses due to pal-
ingenesis. The trace elements in tholeiitic dykes of East Antarctica (SHERATON and BLACK,
1981) in general match with the pyroxene granulites of the present study except for the
higher Cr in the former.
Discriminent Functions
Petrologists are accustomed to one, two or at the most three elements in making
comparison of chemical composition. The methods of multivariate statistical analysis
have been developed by SHAW and KUDO (1965) for the purpose of chemical distinction
between ortho- and para-amphibolites. The discriminant functions Xl and X3 calculated
on the basis of trace elements and major elements given by SHAW and KUDO (1965) are as
follows:
Xl -2.69 log Cr-3.18 log V-1.25 log Ni+l0.57 log Co+7.73 log Sc+7.54 log
Sr-1.95 log Ba-1.99 log Zr-19.58 (values in ppm).
X3 7.07 log Ti02+1.91 log A120 3-3.29 log F~03+8.48 log FeO+2.97 log MnO
+4.81 log MgO+7.80 log CaO+3.92 log P20s+0.15 log CO2+ 15.08 values in
wt%).
The values thus obtained will be positive for an ortho-type and negative for a para-
type.
According to SHAW and KUDO (1965) the empirical success of the type of study can
not safely be extrapolated in other areas and of other ages because of the existence of
regional variations in basalt compositions if the rock types are derived from them. How-
ever, despite the drawbacks and criticisms, the potentialities of discriminant function ana-
lysis are particularly suited for the type of problem presented by the amphibolites. Simi-
larly the pyroxene granulites in the Eastern Ghats granulite terrain may be tested as they
are identified to have chemical closeness with greenstones (amphibolites) of Karnataka
craton and belived to have formed from similar sources under similar melting environments.
Moreover, the possibility that the pyroxene granulites derived from differnet protoliths
cannot be excluded.
The Xl values for all the pyroxene granulites are consistently positive and support
igneous origin (Table 3). As to the X3 values almost all the pyroxene granulites have
positive values confirming the ortho-nature. These are in accordance with the petro-
chemical plottings based on major elements of the pyroxene granulites, where they in-
dicate ortho-nature.
Table 2 Trace element contents and average values (in ppm)* in pyroxene granulites
4 6 7 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Average of 25 4J~Samples 0
("')
~
Rb 25 163 150 157 28 24 140 89 23 25 24 27 135 5 147 25 23 165 34 30 22 159 21 27 25 66.52
~
~
Li 12 19 15 11 14 21 18 16 13 20 10 17 25 28 14 18 24 22 16 14 17 25 15 29 19 18.08
;;;.
Sr 305 295 280 300 290 315 320 325 310 345 330 315 320 340 375 285 280 300 360 365 350 360 370 350 340 325 ~~
Ba 180 650 700 685 195 150 ·665 185 175 205 200 190 660 175 600 160 175 730 185 180 175 680 200 185 175 338.40 ;:s~
Cr 175 160 165 195 185 175 180 165 150 220 210 215 160 210 180 160 165 185 170 170 185 165 180 200 175 180 ~
Sc 23 26 24 22 27 20 19 20 22 25 23 24 20 28 25 24 23 21 21 24 22 22 23 23 24 23 ("')~
Co 80 85 80 75 75 65 74 76 82 68 67 68 77 72 70 65 68 80 74 77 69 81 76 n 74 74 ;:s~.
180 165 170 180 185 180 185 170 175 145 155 150 170 185 175 155 160 170 155 145 155 180 185 190 185 170 tlj
Zn 80 78 85 76 80 82 78 75 79 84 90 86 75 70 76 84 80 72 73 85 77 92 86 73 84 80 ~0
Cu 225 270 240 250 245 255 245 260 300 260 255 270 290 225 275 250 260 235 240 275 290 285 300 270 280 262 ~
V 260 185 216 270. 280 300 295 240 195 235 215 235 205 245 265 175 190 215 245 235 260 260 270 250 260 240 o';:s
Ga 30 40 35 25 30 35 45 30 40 25 30 35 45 35 40 45 30 40 35 35 45 35 30 45 40 36 ~
Zr 80 66 75 90 85 80 85 75 85 75 75 85 70 75 70 80 85 80 70 74 82 73 84 76 75 78 .....~
Th 1.52.18.2018.1518.10 1.74
~
1.59 18.14 1.90 2.50 1.64 2.43 1.75 17.85 1.80 17.95 1.95 1.60 18.15 1.63 1.82 1.76 18.25 1.58 2.25 2.40 7.07 ~U 0.20 8.15 8.20 8.25 0.25 0.45 7.80 0.35 0.45 0.30 0.20 0.40 8.22 0.35 8.18 0.25 0.30 8.16 0.45 0.35 0.25 8.15 0.40 0.30 0.35 2.83 ""l
3.i2
c
Hf 3.22 3.10 3.17 3.20 3.25 3.20 3.45 3.26 3.40 3.30 3.50 3.18 3.30 3.14 3.25 3.10 3.19 3.15 3.18 3.20 3.27 3.24 3.21 3.25 3.23 ~~
Ta 0.30 0.35 0.32 0.27 0.28 0.25 0.30 0.32 0.35 0.31 0.26 0.27 0.25 0.29 0.26 0.32 0.35 0.29 0.28 0.26 0.32 0.27 0.31 0.29 0.30 0.29
;:s
~
4J
""l
~;:s
Description of samples is same as in Table 1. ~
* The trace elements were analyzed in the Hungarian Geological Institute, Budapest, by using Jobin, Yvon z-3 large Quartz-Prism spec- ~
'"
trograph. Palladium is used as an internal standard. The accuracy has been ascertained using USGS standards. The accuracy is
± 5% and the detection limit is around 0.1 ppm.
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Table 3 Discriminant function Xl and X3 values of the pyroxene granulites
Sample Classification Xl Classification
No.
1 5.0760 Ortho -3.4423
2 5.3576 1.9061
3 4.2064 -3.4279
4 3.1643 2.1002
5 4.8505 4.6585
6 3.7162 -5.7548
7 2.8527 2.1435
S 4.8222 1.7160
9 5.6576 5.4181
10 4.9488 -0.6624
11 4.6171 1.8568
12 4.4784 1.8568
13 4.0677 1.4931
14 5.5422 5.8511
15 4.4715 0.8722
16 4.8760 -2.0679
17 4.5874 0.9813
18 3.7594 1.4923
19 5.2450 2.9973
20 5.9897 1.7067
21 4.7172 -1.1905
22 4.5490 4.7687
23 5.2418 3.4095
24 4.5400 4.5428
25 4.1508 2.5707
Para
Ortho
Para
Ortho
Para
Ortho
Para
Ortho
''>
Para
Ortho
Para
Ortho
Description of the samples are same as in Table 1.
TECTONIC EVOLUTION
The overall structural features, tight overturned isoclinal antiforms and synforms,
thrusts and open folds and domal upwarps in the Eastern Ghats mobile belt support the
major evolution of the Eastern Ghats during 2600 Ma and 2,000 Ma respectively (SRI-
RAMADAS and RAG, 1979). Charnockites in relation to structures and extension of high
grade granulite belt in the Gondwanaland has been considered to support the Precambrian
plate tectonics and trench environment for khondalite metasediments (RAG, 1985) in the
Eastern Ghats. The lithological assemblage of quartzites, garnet-sillimanite gneisses
(khondalites), garnet-biotite gneisses, cordierite-bearing gneisses, marbles and calc-silicate
gneisses imply shallow-water deposition in a shelf-like environment or intra-cratonic
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basins or troughs, respectively (KATz, 1989). The greenstone belts in South India show
strong similarities to early Precambrian intracratonic basins (RAMAKRISHNAN and VISWA-
NATHA, 1983) evolved according to the model proposed by BICKLE and ERIKSSON (1982).
According to CHAKRABORTY and SEN (1983) the chemical equivalence of basic granu-
lites in the Eastren Ghats and greenstone tholeiites (amphibolites) suggests similarity
in magma sources and magmatic environment and suports evolution of granulite terrains
either through greenstone stages or as coeval roots with greenstone belts under identical
tectonic environments. The relationship between basic magmatism and tectonic environ-
ments led to construct tectono-magmatic models based on diagnostic elements such as Ti
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Explanation of Plate 1
A. Cofolded basic pyroxene granulites with leptynites near Governor's Bungalow,
Visakhapatnam.
B. Slip plane filled with pegmatite shows the displacement of basic pyroxene granu-
lite near Metereological observatory, Visakhapatnam.
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and Zr which are less mobile. The Ti and Zr contents of pyroxene granulites from Madras
(CHAKRABORTY and SEN, 1983) show close similarity with the Island Arc Basalt (lAB).
Though a few samples resemble the Ocean Floor Basalt (OFB), the Visakhapatnam pyrox-
ene granulites in general are much lower in Ti-Zr and Ti-Cr contents than that of the
OFB and are more akin to lAB (Fig. 6). The REE data and Th-Hf-Ta relationship in
the pyroxene granulites of the same terrain support the Island Arc environment for the
Eastern Ghats (RAO and RAO, 1992).
The pyroxnen granulites are cofolded (Plate I,A) with the leptynites and often ex-
hibit slips along the axis (Plate I, B) The folds are of shear type and are believed to have
been developed over earlier structures. The association of quartzites and clac-silicate
gneisses with the leptynites support the sedimentary origin for the leptynites. The nature
and style of folds exhibited by pyroxene granulites in the leptynites indicate that both these
rock units have suffered one and the same deformational history and hence the basic mag-
matism is closely related to the basin evolution and infill of sediments.
Accroding to the relationships between basic magmatism and tectonic environments,
it is indicated that the early crust is rifted and give rise to intra-cratonic basins initially
both in the greenstone and granulite regions (RAO and RAG, 1992). However, greenstone
belts in Karnataka craton and granulites wrapping around the craton appear to belong to
different tectonic environments evolved simultaneously during the Archaean-Protero-
zoic in South India. It is suggested that greenstone belts were evolved as ensialc basins
related to rifting model while a sag basin model is proposed for the Eastern Ghats as
characterized by subduction type magmatism, which may have occurred along a continen-
tal margin.
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